The advantage of deliberately reducing the body temperature prior to surgery is that the rate of metabolism is slowed, with a consequent fall in oxygen consumption. This fall differs from that produced by drugs inasmuch as the oxygen demand of the tissues is reduced. Under conditions of ordinary anesthesia the oxygen consumption of the body falls because the enzyme systems are poisoned so that oxygen, although available, cannot be utilized, but with hypothermia enzyme activity and metabolism of the cell are reduced so that less oxygen is needed. Because of this lack of demand it necessarily follows that a restricted oxygen supply is less deleterious than at normal temperature. Expressed in another way, hypothermia increases the resistance to anoxia; this is of great therapeutic significance.
heart operations the circulation has to be maintained during the endocardiac manipulations either by working on the functioning heart, or by the use of an extracorporeal heart-lung machine. The former has obvious limitations and the latter has yet to be perfected for safe use in man. In America some of the difficulties have been overcome by using human crosscirculation (Lillehei et al., 1955) , but there are moral objections to this and the method is outside the bounds of legality in this country. Hypothermia may be the answer to the problem because at low temperature the brain will tolerate ischkmia for several minutes, during which time operations can be carried out on the open, dry heart. Cooling also facilitates certain types of neurosurgery, such as arteriovenous aneurysms, which under ordinary conditions are extremely hazardous. Other cardiovascular abnormalities amenable to hypothermia are aneurysms of the abdominal aorta.
The increase in resistance to oxygen lack brought about by hypothermia is not the same for all tissues of the body. The brain, which at ordinary temperatures is particularly sensitive to anoxia, becomes relatively more resistant than the heart when cold. In dogs the circulation to the head can be arrested for as long as thirty minutes at 25°C. without evidende of cerebral damage, but it is not possible to stop the coronary flow to the heart for so long. This is the reverse of normal temperatures when the heart will withstand more anoxia than the brain. One explanation is that the heart does not stop immediately its blood flow is interrupted, but goes on beating for a while building up an oxygen debt, whereas the brain is virtually at rest. Alternatively, the enzyme systems responsible for metabolism of individual organs may respond differently to changes in temperature.
There are many ways of achieving hypothermia and what method is used is relatively unimportant. Surface cooling by means of ice bags or a refrigerating blanket is simple, but slow. Immersion in ice water is quicker, especially if the water is circulated around the patient so as to avoid a warm layer next to the skin. The only advantage of vascular or extracorporeal techniques is for cardiac surgery, when the chest can be opened and the diagnosis confirmed before cooling is started, and the heart can be watched throughout the hypothermic period. Whatever method is used the apparatus should be kept simple and there is no need to have large, expensive machinery in the operating theatre. For vascular cooling a satisfactory apparatus consists of a 3 lb. Kilner jar which is filled with a mixture of Dry-ice (CO2 snow), saline and alcohol. The amount of alcohol determines the freezing point of the mixture, for example 10% has a freezing point of-4°C. The blood is circulated through a coil of 4 mm. Portex (polyvinyl chloride) tubing 16 feet in length by means of a simple roller transfusion pump (Martin, 1954) , and to prevent kinking the tubing is surrounded by a wire spring. Siliconing the tubing is unnecessary (Fig. 1) . For rewarming molten sodium thiosulphate (Hypo) is substituted for the Dry-ice mixture. This substance melts at 460 C. and will remain at the same temperature until it has given off all its latent heat of crystallization. The entire apparatus can be sterilized and is under the direct control of the operator (Fig. 2 The major problem is the time necessary to cool the patient. This is because of the enormous amount of heat which has to be lost. 700 large calories have to be removed to lower the temperature of a 10 st. man 100 C., which is enough to boil 14 gal. water, or in electrical terms, the equivalent of a 1 kW fire burning for 35 minutes. This amount of heat is not removed evenly from such a large mass. Different parts of the body cool at varying rates, depending upon position, blood supply and type of tissue. For example, the rectum, being in the centre of a large mass of tissue and sometimes full of feces, cools slowly an_4 is an unreliable guide to the temperature of the two vital organs, the heart and the brain.
That of the heart can be assessed by means of a thermometer, or a thermocouple, in the middle of the cesophagus, but there is no way of recording the temperature of the brain directly, except in neurosurgery. A thermometer in the pharynx gives an idea of the temperature of the blood returning from the brain and is usually two to three degrees above that of the heart. But the brain is a large structure and may take some time to equilibrate with the blood stream. The aesophagus is the most satisfactory place for estimating the temperature of the whole body, although allowance has to be made for the fact that with surface techniques there will be a drop of a degree or two after cooling has ceased, whereas with vascular methods there will often be an immediate rise. It is best, therefore, to wait a while in order to allow all the body to attain the same temperature (Fig. 3 ). What that temperature should be has not yet been decided. Since the metabolism of the body is reduced to 50% at 280 C., and to O1% at 200 C. (Bigelow et al., 1950) , the nearer to 200 C. that can be achieved, the better, but the lower the temperature the greater the likelihood of ventricular fibrillation. Any reduction in temperature is hypothermia by definition, but above 28°C. the benefits are doubtful and such cooling is an un,iustifi.able and unnecessarv com- present the only indication for deliberate cooling of the patient is when complete ischaemia of whole or part of the body is essential. There are a number of practical problems in the management of hypothermia. Firstly the type of anesthesia needed; anesthesia is necessary to prevent shivering, which would otherwise increase heat production, but as the temperature drops the effect of anesthetic agents is enhanced and less is required. All narcotics act by interfering with the tissue enzyme systems responsible for aerobic glycolysis so that as the need for oxygen falls with the lowering of temperature, the anmsthetic agent has a more profound effect. Therefore, short-acting agents must be used and drugs such as pethidine or chlorpromazine are best avoided. Deep anesthesia by poisoning the brain offsets the resistance to anoxia brought about by hypothermia, so the relaxants are preferable for controlling shivering and at low temperature light nitrous oxide-oxygen anesthesia is quite sufficient to maintain unconsciousness. This enhanced effect of drugs must also be remembered when post-operative sedation is given. The most important feature of the anesthetic technique is deliberate over-ventilation of the patient throughout the procedure to prevent the occurrence of a respiratory acidosis. Cardiac irritability is more marked in the acidotic state at normal temperatures (Johnstone, 1950) and the incidence of ventricular fibrillation has been shown to increase if an acidosis is present at low temperature (Covino and Hegnauer, 1955) . It is not always appreciated that ordinary intermittent positive pressure respiration achieved by the anesthestist by squeezing the bag is not as efficient as it may seem. At rest the ordinary individual ventilates himself with a minute volume of approximately 5 to 6 litres, but if ventilation is performed artificially by means of positive pressure the minute volume has to be doubled if the pH of the blood is to be kept normal (Lucas and Milne, 1955) . Another factor in the prevention of ventricular fibrillation is the maintenance of an adequate coronary blood flow. With a fall in temperature there is a diminution in cardiac output, but in the early stages the vasoconstriction from the direct effect of the cold is sufficient to maintain the blood pressure. At approximately 280 C. the output is so low that in-spite of the vasoconstriction the blood pressure falls, with consequent reduction in coronary flow.
At this stage an infusion of noradrenaline can be given with advantage (Brock and Ross, 1955) . It is often impossible to estimate the blood pressure clinically in the cold patient and complicated electromanometric techniques have to be employed. In cardiac surgery a clinical impression can be formed by direct continuous palpation of the thoracic aorta.
At present hypothermia is an elaborate and time-consuming technique and can only be attempted with the assistance of a specially trained team. Temperatures and blood pressures must be recorded, the electrocardiogram observed, the blood pH estimated, as well as the actual mechanics of cooling the patient. The surgeon has the overall responsibility, so one might argue that he should be the director, but this means that he not only has to be skilled in his own craft, but also has to be a competent anmsthetist, cardiologist, and to some extent, biochemist. For the same reasons the responsibility cannot rest with the anasthetist or cardiologist. One possible solution is for the person most experienced in hypothermia to be in charge, but to have a deputy of his own specialty so that he does not have to attend to technical details, but can be responsible for the collection and collation of all the facts concerning the patient. Moreover, all members of the hypothermic team must be completely conversant with all that is going on and not merely their own specialized job.
The future of hypothermia may well be in neurosurgery. In other branches an efficient heart-lung machine may one day be able -to maintain the circulation artificially, but certain operations on the brain are technically impossible unless the blood supply can be arrested with safety. The fifteen or twenty minutes of circulatory occlusion which is possible at present is not long enough and lower temperatures will have to be reached so that the ischemic time can be increased. Small animals have been cooled to 00 C. with survival (Andjus and Smith, 1955) Sir Russell Brock: Hypothermia and Open Cardiotomy I wish to make it clear that my interest in hypothermia has been solely in obtaining temporary arrest of the circulation; chiefly in order to perform direct definitive procedures within the open heart. I have no experience of those methods in which hypothermia is used as an adjunct to anaesthesia in operations which can also be done at a normal temperature.
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Similarly, in this brief communication, it is not possible to present any of the physiological and experimental details on which our work is based. I can give only a short account of our practical experiences in humans. The only physiological matter that I need mention is that our application of hypothermia depends on the lowered oxygen requirement of the body tissues at lower temperatures; the most important in this connexion is, of course, the brain.
At normal temperature it suffers permanent damage if it is deprived of oxygen for 3 minutes. When the body temperature has been lowered to 28°C. it is possible to arrest the circulation for ten to twelve minutes without causing damage. At a higher temperature, e.g. 300 C., the time permitted is shorter.
METHOD OF INDUCING HYPOTHERMIA
The most popular method has been surface cooling, either by some form of cooling "blanket" or by total immersion in cold water. There are several objections to this. It may take a long time in adults; by provoking shivering it increases oxygen consumption during a time when the circulation is becoming embarrassed; it sets up other undesirable cutaneo-central reflexes; it may be difficult to control the temperature level because the fall in temperature continues after surface cooling has been stopped; circumstances are unfavourable for the rapid recognition and treatment of cardiac distress, arrest, or ventricular fibrillation; it is difficult or impossible to use it after an operation has been begun; the period of hypothermia may be undesirably long.
Although I recognize the excellent clinical results obtained by several surgeons, notably Swan, using the total immersion method, I cannot bring myself to believe that such a procedure can have a permanent place in surgery. It is both asthetically and surgically unattractive to see a large bath of water and ice brought alongside the patient who, with intravenous drips, intra-arterial needle, ECG leads and anesthetizing apparatus attached, is immersed. After completion of the operation, and now with a wound and a drainage tube in each pleural cavity, he is again immersed, this time in warm water.
As an alternative to surface cooling, we have blood-stream cooling. BLOOD-STREAM COOLING Arteriovenous cooling.-We owe to Delorme of Edinburgh (1952) and Boerema et al. of Amsterdam (1951) the suggestion of blood-stream cooling and after visiting the Wilkie Experimental Laboratory at the kind invitation of Professor Sir James Learmonth, in whose department this important basic work was being done, we followed the Delorme procedure, first in the experimental laboratory and then on humans. Delorme's method consists of arteriovenous cooling; a cannula is inserted into the femoral artery and blood flows through a coil immersed in ice-cold water and returns via a cannula into the femoral vein. We have found three drawbacks to this method: (i) An arteriovenous fistula is caused and this throws an extra strain on a heart that may already be weakened and may already be bearing the burden of one such fistula. As the temperature drops the heart's action and efficiency become further impaired and yet it is called upon to supply the energy to maintain the -extracorporeal circuit. (ii) In spite of careful repair the femoral artery may thrombose after the operation, especially in children. (iii) The method must be started before the operation is begun; it cannot be initiated afterwards.
Venovenous cooling.-We have abandoned arteriovenous cooling for venovenous cooling and in this, as we now use it, we feel we have a method which avoids these and other disadvantages. My research assistant and now senior registrar, Mr. D. N. Ross, first suggested the principle (Ross, 1954) ; the method as used to-day has evolved considerably towards greater simplicity and efficiency as a result of experience both in the research laboratory and in the operating theatre (Brock and Ross, 1955) . For instance, originally we cannulated the saphenous vein and the external jugular vein. Then, owing to difficulty with the neck veins in young children, we changed to insertion into the superior vena cava via the right atrial appendage. We were still left with the necessity of cannulating the saphenous vein before operation. We soon arrived at the obvious solution: cannulation of both vene cava via the right atrial appendage. In this way the operation is begun at normal temperature and full cardiac exploration can be carried out, the diagnosis confirmed or completed and a final decision made as to the need for hypothermia.
Cannule are then inserted and the blood is circulated through a cooling coil by means of a simple hand pump (Fig. 1) . The tubing is siliconized and there is no trouble with clotting. The method has the very great advantage that it can be instituted at short notice should the need for hypothermia become apparent during the course of an operation in which its use had not been anticipated. Cooling proceeds steadily and without shivering and its rate can be varied by the speed of pumping. We like to arrange a fall of about 1°C. each five minutes so that the temperature, even in a large adult, can be reduced to 280 or less in some 40-60 minutes. There is no further drop in temperature when cooling is stopped. There is no extra strain on the heart as the venous stream is circulated by the pump. Another great advantage is that warming can be begun at once by changing the fluid in which the coil is immersed from cold to warm water. The temperature can thus be raised to 320 or 330 C. before the chest is closed. Thus the period for which the body is exposed to hypothermia is as short as possible.
While cooling is taking place the heart is under direct and constant observation so that any form of distress or arrest is at once noticed and dealt with. As an example, in a recent case in which open aortic valvotomy was to be done, ventricular fibrillation occurred at 340 C.; the heart was rapidly and successfully defibrillated; ventricular fibrillation occurred twice more, at 320 C. and at 300 C.; defibrillation was successful both times and the cooling proceeded to 280 C. and the open valvotoimy safely completed. If surface cooling had been used it would have been necessary to perform an emergency thoracotomy at 340 C. and further cooling would then have been difficult or impossible.
In only one of our 39 cases have we used surface cooling and this was a small child in whom we had trouble with peripheral veins before our present technique was evolved. In 5 cases we used arteriovenous cooling; in 33 venovenous cooling; in 25 of these by our present technique of inserting both caval catheters directly via the right auricle.
So much for the method; I now come to what we have learned from using it.
Cooling coil in refriqerant
FiG. 1.-Diagram to show present technique of venovenous cooling. Blood is collected by a catheter in the superior vena cava, is pumped by a simple hand pump through a cooling coil, and is returned via a catheter in the inferior vena cava. The same apparatus is used for rewarmng.
FIG. 2.-Diagram to show the circulation arrested by snaring the great vessels; the right atrium has been opened widely to expose an atrial septal defect which can then be easily closed by suture under direct vision. PRACTICAL APPLICATION OF HYPOTHERMIA We have used hypothermia solely for operations upon the heart or great vessels and I propose to consider our experiences under three headings: (1) Operations on the Atria;
(2) Operations on the Ventricles; (3) Operations on the Great Vessels.
(1) Operations on the atria.-We have performed 18 open operations on the right atrium with complete arrest of the circulation; 16 of these were for closure of a septal defect; one was for removal of a myxoma of the left atrium; one for tricuspid stenosis and regurgitation.
Closure of an atrial septal defect (of ostium secundum type) is by far the most straightforward and successful application of the method. In any but an advanced bad risk case it enables the defect to be closed swiftly, simply and securely by direct suture and with but little risk. You may know that various indirect methods have been devised and are being used to close these defects; they include the passage of an encircling ligature round a groove Proceedings of the Royal Society of Medictne developed between the two atria, suture of the outer wall of the atrium to the edges of the defect (atrioseptopexy) and attempts at sewing the margins of the defect by sutures passed through the intact wall of the heart and guided by a finger placed in the atrial appendage. Gross uses a semi-open method in which a large rubber dam is sewn into the atrium and suturing is done by touch below the surface of the blood. This is not the time and place to debate the relative merits of these procedures; I merely put forward the policy that directs our practice. We feel that the whole future evolution of cardiac surgery is towards open definitive procedures bringing it in line with the rest of surgery; operations are to be done precisely and meticulously under direct vision. Unless and until this is proved impossible, more dangerous, or less satisfactory, we believe that our efforts should be directed to evolving and establishing open procedures in preference to closed ones. The heart is exposed by a long transverse incision through the beds-of the fourth ribs and dividing the sternum; this is virtually the standard exposure for open heart surgery. The diagnosis is verified by digital exploration of the right atrium, the finger also exalining the tricuspid and mitral valves and seeking for anomalous pulmonary veins. If all is well catheters are introduced and venovenous cooling is begun; while this continues the vene cavae and the right common pulmonary vein are prepared for snaring. The temperature is lowered to 28' C. and the circulation is arrested by tightening the snares round the great veins and by clamping the aorta and pulmonary artery (Fig. 2) . The right atrium is widely opened, the defect is inspected and then closed easily and rapidly by a continuous suture; usually 6-8 minutes is all that is needed to complete the work. The whole procedure is well tolerated even by an ill patient. We have had only one death during the procedure and that was in a woman aged 47 with chronic heart failure and severe established pulmonary hypertension. Two other patients died as a direct result of the operation; one a woman aged 49 in chronic heart failure and with systemic hypertension; the operation was uneventful and her condition was satisfactory until she died quite suddenly a few hours later, presumably from acute right ventricular failure. The other was a boy aged 17 who, in addition to an atrial septal defect, had total anomalous venous drainage of the right lung which could not be corrected; he died twenty-four hours later.
The first two patients should never have been operated on; it is almost useless expecting to save these middle-aged patients whose myocardium has begun to fail after nearly half a century of overwork and strain. I do appeal to physicians and cardiologists not to make it even more difficult for their surgical colleagues to establish new and anxious fields of surgery by asking them to operate on these advanced, hopelessly. bad risk cases. It saps morale, delays progress and destroys confidence between physician and surgeon. I urge my surgical colleagues not to accept such cases and so discourage this policy of serving up bad material and expecting miracles to be achieved with it.
I have no hesitation in saying that except in these hopeless cases in severe failure, the open closure of an atrial septal defect under hypothermia is a safe, sound and successful surgical procedure which can be recommended with complete confidence.
I have said that our practice of open operation on these defects rests on our policy of striving to develop open heart surgery and this experience in operating on the open right atrium has already begun to justify itself and to pay dividends.
Thus it has enabled us to operate on the tricuspid valve under direct vision. I have found the relief of tricuspid, valve stenosis is not satisfactory by the finger technique as used with such success in mitral stenosis. It is difficult to be certain just where the commissures lie and, moreover, the stenosis is commonly accompanied by a considerable degree of regurgitation. I have recently operated on a patient on whom at a first operation I performed combined aortic and mitral valvotomy; she was left with disability due to severe tricuspid valve disease, partly stenosis, chiefly regurgitation. With venovenous cooling the temperature was lowered to 25' C. which gave ample coverage for the 71 minutes during which the circulation was arrested and in which the stenosis was relieved and a plastic repair done on the valve. The heart was quite undisturbed. Yet again, our experience with the open right atrium suggested what I am confident is the correct route for removal of myxoma of the left atrium. This peculiar tumour simulates mitral stenosis and until recently had never been diagnosed during life. With thousands of operations being performed on mitral stenosis it is inevitable that more cases should appear and that some should be discovered during life. Attempts at removal have usuaUy not been successful although Crafoord (1954) has had one success. In addition to the problem of diagnosis there is the problem of removal which introduces all the difficulties of opening the left side of the heart, of air embolism and of the fragility of the tumour itself. Recently my assistant, Mr. Ross, operated on what was thought to be a typical severe case of mitral stenosis and found a large polyp filling the left atrium; the mitral valve was normal. He was obliged to retreat. Unfortunately palpation of the tumour had caused cerebral embolism and a hemiparesis. The patient's condition was grave when I saw her on the foUowing day. Rightly or wrongly I decided that the correct course was early removal of the tumour as it seemed very unlikely she would survive to have it done some weeks or months later and we have learned to our cost that delay means great difficulties from pericardial exudate, soft myocardium and other problems. Also she was in danger of further embolism.
Operation was done under hypothermia on the third day after the exploratory operation; the heart was approached through the right chest which had the advantage of avoiding the previous operative field and the incised sutured, thrombosed left atrium. I had realized from experience with closure of a septal defect, that it was just as easy to approach the left atrium by opening the atrial septum; the obliquity of the septum also favours the approach from the right side. The septum was exposed after opening the right atrium, was incised, and it was a matter of little more than moments to insert a dessert spoon and to remove in one movement the tumour and the large mass of associated clot; the interior of the left atrium was then freely inspected before closure of the septum. Unfortunately ventricular fibrillation occurred and satisfactory heart action could not be restored; not surprising when one considers her grave state. Perhaps we should have been successful if we had waited some months; I am confident, however, that if the tumour had been diagnosed before operation and the right atrial approach had been used as a preliminary procedure, success would have followed. This is clearly the route to use in other such cases.
(2) Operations on the ventricles.-I cannot speak with such assurance about operating on the ventricles under hypothermia as I can about the atria. At the same time I do not support the statements made that hypothermia is unsuitable for operations on the ventricles; these conclusions have been made on insufficient evidence and experience. Our own experience in 12 cases of open ventricular cardiotomy has told us something of the advantages and disadvantages. Time does not permit a full presentation, but it appears that there has been confusion between the effects of pure ventricular cardiotomy and the effects of operating in the presence of certain advanced cardiac pathological states such as severe pulmonary hypertension.
Thus in 6 cases I have used ventricular cardiotomy to effect a simple resection of a stenosis;
in 3 open resection of a pure infundibular stenosis with closed septa; in 3 open infundibular resection and valvotomy in Fallot's tetralogy. 5 of these were successful; one child aged 11 months with Fallot's tetralogy succumbed. Ventricular fibrillation occurred in all, but normal rhythm was restored without difficulty. The usual objection made to ventricular cardiotomy under hypother'mia is the incidence of ventricular fibrillation; this is not a real problem.
Pure infundibular stenosis is a condition demanding open visual resection; not only does this allow complete relief of the stenosis but permits avoidance of the tricuspid valve mechanism which is closely attached to the stenosis and can scarcely be avoided in a closed operation, as I know to my cost, having caused severe tricuspid regurgitation in this way. Hypothermia provides a simple and effective means of arresting the circulation for the 5-10 minutes needed for this procedure; it is, at present at any rate, less dangerous than the various other methods of securing a dry field for ventricular cardiotomy, especially the various heart-lung machines.
Relief of the stenosis in Fallot's tetralogy is also no problem; however, if this is d ne the ventricular septal defect remains and if the stenosis has been freely removed, flooding of the pulmonary circulation follows. I have attempted simultaneous closure of the ventricular septal defect in 4 cases but without success. In one case death occurred from cerebral anoxia due to a technical fault in cooling; the surgery seemed successful. I have also attempted closure of an isolated ventricular septal defect by open suture in 2 patients without success; both were severely ill. I am convinced that in this latter group, hypothermia is unsuitable. Most of the patients are infants or young children with severe secondary pulmonary hypertension and episodes of congestive failure. The left-to-right shunt is large and the systemic circulation starved and feeble; the child seems unable to stand the necessary cardiac manipulations, especially the introduction of the caval catheters which have the effect of reducing still further the poor systemic venous return. Lillehei has commented on this and has demonstrated that the only hope of success in these cases lies in being able to assist the circulation powerfully and promptly. This he has achieved by cross-circulation and by his pump-oxygenator.
Although hitherto unsuccessful I do not feel that the problem of treatment of Fallot's tetralogy under hypothermia is so unfavourable. I hope that we can overcome the technical problems which have defeated us so far. I feel some confidence that the basic physiological state in Fallot's tetralogy is much more favourable because of the good systemic circulation; our caution should be directed towards overtaxing an anatomically poor pulmonary circulation. We may yet demonstrate that a total operation can be safely carried out under hypothermia even though the intracardiac operating time permitted is rather short.
(3) Operations on the great vessels. -Here again I must mention some applications of hypothermia which we have found unsuitable, namely for secondary operations on recanalization of persistent ductus and secondary aneurysm formation associated therewith. These are dangerous and anxious cases in which the surgeon is faced with the prospect of sudden massive uncontrollable hlmorrhage. For this reason I used hypothermia on 3 such cases;
all died. We found that the heart, struggling under the large arteriovenous shunt, is very liable to develop ventricular fibrillation and, in the continuing presence of the severe shunt, resuscitation is not possible. I consider this is a wrong application of hypothermia and now prefer hypotonia as an aid instead. Another condition in which the surgeon fears severe hemorrhage is aorto-pulmonary septal defect; this may be diagnosed before operation or may be found during exploration of what was thought to be a straightforward persistent ductus. In such cases hypothermia can and should be used; we have used it in 2; in one with complete success; the other patient died owing to a surgical technical failure and not to hypothermia.
I come now to the use of hypothermia to enable stenosis of the pulmonary valve or of the aortic valve to be corrected under direct vision by opening the pulmonary artery or the aorta. Varco (1951) was the first to perform open transarterial pulmonary valvotomy, but it was Swan and Zeavin (1954) who developed the method under hypothermia. I shall not debate the merits and demerits of this procedure; I would merely point out that it can be done simply and safely under hypothermia and since little more than 4-5 minutes is required the temperature need not fall below 300 C. We have performed open pulmonary valvotomy on three occasions under hypothermia; all have been successful.
With aortic valve stenosis we have a different problem; much more complex. In most cases the valve is so calcified that it is difficult or impossible to restore valve function by blind closed methods; all we can hope to do is to lessen the stenosis. Even under direct vision little more could be achieved in these calcified cases; the valve is too bad. Moreover, in most of these cases the myocardium of the left ventricle has been under such longcontinued strain that it is unlikely to tolerate hypothermia well. The great hope in aortic stenosis lies in being able to operate before the valve has become heavily fibrosed and calcified; this means operating on children or young adults. Although not common, enough cases are seen in children to indicate that in these we have a surgical problem worthy of satisfactory solution. I have performed closed aortic valvotomy on a number of children with some good, some fair and some poor results. The greatest problem is to relieve the stenosis satisfactorily and not cause severe regurgitation. This latter has been responsible for late death in two of my cases and was found by Marquis and Logan (1955) to constitute the greatest drawback to operation. Indeed they concluded that they were probably in error in having operated on the children. It is clearly not satisfactory to have to reject a sound surgical step such as the relief of a fibrous obstruction because of technical limitations. The problem would clearly be much easier if the valve stenosis could be divided under direct vision for in this way the best possible result could be obtained. We have shown that open aortic valvotomy is indeed possible under hypothermia. The procedure was well tolerated in a boy of 11; the circulation was arrested for 71 minutes and although ventricular fibrillation occurred after 5 minutes no difficulty was experienced in restoration of normal rhythm. Four patients have now undergone open aortic valvotomy. I think I have said enough about our experiences to convince you that with hypothermia we have a valuable means of performing definitive surgery on the open heart, a very important and desirable technical state. I would especially emphasize that it has enabled us to operate under direct vision upon 3 of the 4 heart valves.
All this has been achieved by two things, in addition of course to the fundamental contrib-ations made by several men throughout the world. The first is by team work; a large team of keen and willing helpers is essential for success in such a difficult field and I have been very fortunate in having such a team to work with. The second is that this type of surgery cannot be done without collateral experimental laboratory work; for this one must have an organization and such an organization needs financing. I would like to pay a tribute to the generosity and wisdom of the Governors of Guy's Hospital who have set aside large sums of money from the Endowment Fund over several years for this research.
Dr. T. Cecil Gray (President of the Section of Anaesthetics) said that he was particularly interested by Sir Russell Brock's method of arteriovenous cooling for thoracic surgery and ,was completely convinced that this was a preferable method for this type of work. However, he felt a little unhappy in regard to Sir Russell's wholesale condemnation of surface cooling -a method which, on his own confession, he had not tried. Clearly Sir Russell's method of cooling was not suitable for neurosurgery, nor for cooling during general surgical pro-,cedures or for therapeutic hypothermia.
Sir Russell Brock's condemnation of surface cooling as, "esthetically repellent," could not be taken seriously; neither could the suggestion that this method was "shivering promoting". For with his colleagues he had dealt with just on 200 cases for surface cooling and in the last 150 there had not been one case of shivering. Sir Russell had also mentioned the afterdrop of temperature as a drawback with this technique. The temperature did fall after cooling -was stopped in certain types of individuals, but he thought one could tell the sort of individual in which this would occur and allowances could be made for the fall of temperature which would follow the termination of the cooling process. There was not, as had been suggested, any difficulty in maintaining the hypothermia once it had been attained. These patients remained at the required temperature until the rewarming process was commenced.
Although Dr. Lucas had condemned hypothermia for any procedure other than neuro-or thoracic surgery, one should remember that it had been found very useful in certain conditions such as acute thyroid crises, hyperthermia and various neurological disturbances. Furthermore, there was a little evidence that in certain cases' where surgery must be carried out on extremely poor risks, and very elderly patients, hypothermia was beneficial.
Professor Charles Rob said that there was only one proven indication to-day for hypothermia, namely, when the blood supply to some portion of the central nervous system was to be cut off, and this included stopping the heart during intracardiac surgery. Another and less clear indication was in those surgical operations which include clamping of the blood vessels to the kidney or liver. He agreed with Dr. Lucas that there was not much place for hypothermia in general surgery, at least until the subject was more completely understood.
Three years ago he was operating under hypothermia on a patient with an aneurysm of the upper abdominal aorta. The patient was given an intravenous solution of glucose during the procedure and at the same time the plasma electrolytes were estimated at regular intervals. These fell to a very low level, the reason being that under hypothermia the glucose was not metabolized; the blood sugar rose and this resulted in a fall of the plasma electrolytes by dilution.
Dr. H. L. Rosomoff (U.S.A.) said that he was very pleased to find so many people in England sharing the opinion that hypothermia had a great potential use in neurological surgery. This was an inevitable conclusion when some of the effects of hypothermia on the normal and abnormal physiology of the nervous system were considered.
During hypothermia, there was a decrease in cerebral blood flow, at a rate of 6-7 %/°C. There was a corresponding reduction in cerebral metabolism so that at 250 C., both metabolism and blood flow were one-third of the pre-cooling level. A decrease in mean blood pressure was often found which might be maintained for long periods of time without the appearance of any untoward effect, and thus it might be considered to be an induced, "'compensated" hypotension. There was a reduction in brain volume of 41 % at 25°C. which, in man, would amount to a change of 55 ml., a considerable volume when dealing with problems coincident to the expansion of the intracranial contents. There was also a decrease of cerebrospinal fluid pressure, at a rate of 5 5°/0/ C. These effects might be used to great advantage when hypothermia was employed as an adjunct to neurological surgery, particularly in the treatment of cerebrovascular anomalies.
Blood flow was decreased which facilitated himostasis; the brain was "slack" and intracranial pressure reduced which enhanced surgical exposure. This made surgery easier technically, more expeditious, and resulted in a minimum of trauma and blood loss. In addition, there was a safety factor against the consequences of extended temporary or permanent interruption of major vascular channels. In the latter instance, he had been able to demonstrate that when permanent interruption of the middle cerebral artery of the dog occurred during hypothermia of 22-24°C., cerebral infarction was minimized or prevented. If this finding could be transposed to man, then many vascular lesions in and about the circle of Willis which now were considered inoperable might become amenable to correction, thus offering definitive and curative treatment to patients to whom such surgery had hitherto been denied.
Dr. B. A. Cookson, said that ventricular fibrillation could occur in the hypothermic state even when the chest had not been opened and the heart was healthy. However, it was true that when the chest was open and the ventricles were handled the incidence of ventricular fibrillation was much higher. The heart was particularly sensitive in this respect during the summer-at least in the U.S.A. where the summer temperature was 80-900 F. (27-320 C.). He stressed the importance of the laboratory in the development of hypothermia. Not only had hypothermia come from the laboratory, but the laboratory had served as an invaluable training ground for surgeons who wished to use'this method clinically. It was unfortunate that some surgeons who employed hypothermia clinically had not had laboratory experience. In this country the fault partly lay in the fact that the facilities for experimental animal surgery were not adequate.
Mr. I. K. R. McMillan said that while in the United States he and Drs. R. Case and W. Stainsby had done work on the function of the hypothermic ventricle. They, like previous observers, had found that the coronary flow in hypothermia diminished rapidly; for example, coronary flow in a 60 lb. dog was on average 60 c.c./min. If the temperature was reduced to 220 C. it would require only 6 c.c. per minute but at the same time the mean aortic pressure would only fall 33% (from 90 mm. to 60 mm.Hg). It was therefore unlikely that there was a deleterious effect from the reduction in coronary flow. If the minute work of the left ventricle was plotted under hypothermic conditions it was found that the heart was doing more work for less coronary flow at these temperatures than in normal temperatures, and further that if the heart was put under strain by transfusion to raise the filling pressure and the amount of work it was doing per stroke was estimated, it appeared to behave as well or better in many instances at 280 C. than it did at 370 C.
They had made an observation in arteriovenous cooling that if the temperature was measured in the aorta during cooling and the cooling coil was shut off when the reading was 280 C. there was a rebound of 40 C., and it took about half an hour to level off before the temperature was steady. To reach 280 C. the animal therefore had to be cooled down to about 30 C. below this, to get a final blood temperature of 230 C. This might be a possible explanation of the spontaneous ventricular fibrillation that sometimes occurred during the cooling process, as the circulating blood was therefore colder than the rest of the tissues.
The Chairman said that general surgeons were a little concerned about the application of this method to general surgery which could be carried out satisfactorily under other anesthetic techniques. He was very struck by the paper from Johannesburg (Knocker, 1955, Lancet, ii, 837) showing the disastrous changes in the vital organs in hypothermia. He wondered if anyone present had had any experience of the post-mortem pathology in patients dying after hypothermic procedures or whether there was any one present who could say anything about that side of it.
Dr. Rosomoff (U.S.A.) said that to date, there had been no mortalities among his patients subjected to hypothermia for neurosurgical procedures, so he could not comment on this question from clinical experience with man. However, his group had made extensive gross and microscopic studies of the vital organs of experimental animals in which hypothermia had been used as an adjunct to neurological, cardiovascular, and hepatic surgery. They had failed to demonstrate any significant abnormalities attributable to the effect of hypothermia at post-mortem examination, nor had there been any untoward effects on objective clinical examination. Of course, these were experiments in which the animals had been rewarmed to normothermic levels and then observed for variable periods of time post-operatively. From Dr. P. Knocker's protocol there was reason to suspect that her animals might have been hypoxic and/or acidotic, not as a consequence of hypothermia per se, but as a result of inadequate ventilative technique. The fact remained that the alleged changes had not been found in experiments where the animals had been rewarmed and then examined. Therefore, before Dr. Knocker's thesis could be accepted, confirmation or negation of her results must be obtained from other sources; and if she were proved correct, an explanation must be found for the apparent disparity between her findings and those of survival experiments.
Dr. B. Fisher (U.S.A.) demonstrated a slide which showed some recent work done in prolonged hypothermia in studies on the liver. The metabolism of the liver was studied from many aspects, biliary secretion, composition of the liver, oxygen consumption and so on. It was shown that after one hour of ether anrsthesia there was a depression of bile volume and cholic acid which returned to norrhal within twenty-four hours. The same thing happened with cholic acid following hypothermia up to six hours. Within eighteen hours after rewarming the bile volume and the cholic acid concentration were back to normal.' Following twelve hours of hypothermia at 220 C., the bile volume and cholic acid returned to normal after a slightly longer time; in the case shown within thirty-two hours. He had found that after twelve hours of hypothermia of 220 C. in dogs there was no perceptible damage to the liver. After twelve hours one began to get metabolic changes which were irreversible, and he pointed out that surgeons should be careful as to the duration of hypothermia.
Dr. B. G. B. Lucas, in reply, pointed out that our knowledge of hypothermia was still inadequate, and pleaded for caution until more experimental work had been done, otherwise a valuable technique might fall into disrepute. Concerning liver damage, he had not seen any evidence of this either in animal experiments or in human cases.
